We examined the real-world utilization and persistence of rapid acting insulin (RAI) in elderly patients with type 2 diabetes who added RAI to their drug (OAD) regimen. Insulin-naïve patients aged ≥65 years, with ≥1 OAD prescription during the baseline period, who were continuously enrolled in the US Humana Medicare Advantage insurance plan for 18 months and initiated RAI were included. Among patients with ≥2 RAI prescriptions (RAIp), persistence during the 12-month follow-up was assessed. Multivariate logistic regression analyses identified factors affecting RAI use and persistence. Of 3734 patients adding RAI to their OAD regimen, 2334 (62.5%) had a RAIp during follow-up. Factors associated with RAIp included using ≤2 OADs; cognitive impairment, basal insulin use during follow-up; and higher RAI out-of-pocket costs ($36 to <$56 versus $0 to $6.30). Patients were less likely to persist with RAI when on ≤2 OADs versus ≥3 OADs and when having higher RAI out-of-pocket costs ($36 to <$56 versus $0 to $6.30) and more likely to persist when they had cognitive impairment and basal insulin use during follow-up. Real-world persistence of RAI in insulin-naïve elderly patients with type 2 diabetes was very poor when RAI was added to an OAD regimen.
Introduction
Rapid acting insulins (RAIs) are characterized by fast-onset (10-15 minutes) and short duration of action (3-5 hours) and are used to manage postprandial glucose excursions in patients with type 2 diabetes [1, 2] . Current evidence-based clinical practice guidelines recommend the use of RAI in combination with basal insulin when postprandial glycemic goals are not met with a regimen consisting of basal insulin and oral anti-diabetic drugs (OADs) [3] . However, with the increasing shift towards personalized treatment for the management of type 2 diabetes [3, 4] , clinicians might resort to approaches that are not suggested in the current guidelines [5] . One such approach is to add RAI to an OAD regimen rather than following the standard practice of adding RAI to basal insulin in order to meet the needs of individual patients. This approach has been shown to be effective in clinical studies [6] [7] [8] , in which the addition of RAI to an OAD regimen achieved targeted glycemic controls in type 2 diabetes patients. Most of these clinical studies used RAI in combination with metformin [6, 7] .
Given the need to provide evidence-based personalized treatment, it is important to understand the extent to which RAI is added to OAD regimens and the characteristics of patients who are initiated on RAI and their persistence with this treatment. In addition, as the clinical effectiveness of RAI is tied to persistence, it is critical to understand the factors associated with persistence of RAI when RAI is added to an OAD regimen. A previous study in patients adding RAI to a basal insulin regimen reported poor persistence with RAI [9] . However, the pattern of persistence among type 2 diabetes patients adding RAI to their OAD regimen is unknown.
In the United States, the latest data from the Centers for Disease Control and Prevention suggest that over 25% of 2 Journal of Diabetes Research the adult population with diabetes is ≥65 years of age [10] . Furthermore, the Medicare-eligible population with diabetes is expected to increase in the coming years [11, 12] . Therefore, we conducted this study to describe the characteristics of elderly (≥65 years of age) Medicare beneficiaries with type 2 diabetes who added RAI to their OAD regimen and to describe the factors associated with RAI continuation and persistence in this patient group.
Methods

Study Design.
This was an observational, retrospective cohort study using medical, pharmacy, and laboratory claims from US Humana insurance plans for the period 2007-2012. Humana is an integrated claims database and includes enrollment, medical, and pharmacy claims information for more than 12 million Humana members for both commercial and Medicare advantage plans across the US. For this study, we have only included patients who were enrolled in the Humana Medicare Advantage Prescription Drug plans. The first observed RAI prescription (RAI index date) was used to define the baseline and follow-up periods. The baseline period was 6 months prior to the RAI index date, and the follow-up period was 12 months after the RAI index date.
The study population comprised Medicare beneficiaries with type 2 diabetes who were ≥65 years of age at baseline and had 18-month continuous enrollment (6-month baseline and 12-month follow-up) in Medicare Advantage Prescription Drug (MAPD) plans, had ≥1 OAD claim during the baseline period, and had newly added RAI to their OAD regimen between July 2007 and December 2011. Diagnosis of type 2 diabetes was ascertained using claims for ≥1 inpatient visit or ≥2 physician visits at least 30 days apart and a primary or secondary diagnosis of type 2 diabetes using International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes 250.x0 or 250.x2. Patients were excluded if they used any insulin during the baseline period and were enrolled only in commercial insurance plans or if their gender or insurance plan type was unknown.
2.2.
Measures. RAI continuation was measured based on the number of RAI prescriptions during the 12-month followup period. Those with >1 RAI prescription during follow-up were considered to have continued with RAI.
Persistence with RAI was examined only in elderly Medicare beneficiaries who had ≥2 RAI prescriptions in the 12-month follow-up period using two measures of persistence based on published methods [9] . Persistence Measure 1 was defined as the absence of any 90-day gap between RAI prescriptions; that is, patients were considered persistent at 12 months if they did not have a 90-day gap by the end of the time period. In persistence Measure 2, persistence at 12 months was defined as having ≥4 RAI prescriptions in the 12-month follow-up period, with ≥1 RAI prescription in each quarter of the 12-month period. For persistence Measure 2, the counts of RAI prescriptions included the index RAI prescription.
Independent [13] ), and severe hypoglycemia (identified using ICD-9-CM codes 250.8, 251.0, 251.1, and 251.2 for inpatient or ED visits [13] ), baseline glycosylated hemoglobin (HbA1c) value, diabetes complications using the adapted-Diabetes Complications Severity Index (aDCSI) score [14] , healthcare utilization (any inpatient and any ED visit), and medication use (OADs and other concomitant medications). In addition, the following patient complexities specific to the elderly [15] were evaluated: cognitive impairment, depression, injurious falls (ICD-9-CM E-codes [16] , and V-codes [17] ), urinary incontinence (ICD-9-CM diagnosis codes), and polypharmacy [18] . Polypharmacy was based on the number of different therapeutic drug classes in the 90 days before index period. The definition is based on previous published literature [19] . It was defined as 1 standard deviation (SD) above the mean. Based on our data, those with more than 14 different therapeutic drug classes (mean = 10, SD = 4) during the 90-day preindex period were considered as having polypharmacy.
The independent variables from the 12-month follow-up period included average RAI out-of-pocket costs (quartiles: $0 to <$6.30; $6.30 to <$36; $36 to <$56; and ≥$56) and basal insulin use. The RAI out-of-pocket cost was measured as total out-of-pocket cost for RAI prescriptions divided by the total number of RAI prescriptions.
Statistical Analysis.
Chi-square tests were used to assess the unadjusted subgroup differences in RAI continuation and RAI persistence. Multivariable logistic regressions were used for adjusted analyses. Factors used in regression models included number of OADs at baseline, gender, age, race, region, type of insurance plan, any hypoglycemic event at baseline, aDCSI score, HbA1c value at baseline, any inpatient visit, any ED visit, polypharmacy, cognitive impairment, depression, injurious fall, urinary incontinence, basal insulin use at follow-up, and average RAI out-of-pocket costs at follow-up. All analyses were conducted using SAS 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
Study Population.
A total of 16,850 Medicare beneficiaries ≥65 years of age with type 2 diabetes were identified as receiving RAI therapy between July 2007 and December 2011. Among these patients, 3734 (22.2%) added RAI to their OAD regimen and were included in this study. The baseline demographic and clinical characteristics of these 3734 patients are presented in Table 1 . The mean age of this population was 72.9 years, 51% were female, nearly 80% were white, and 60% lived in US region South. During the baseline period, 46.2% were taking 1 OAD, 40.3% were taking 2 OADs, and 13.6% were taking ≥3 OADs. Further, 66% had an inpatient visit, 60% had an ED visit, and 14.4% had polypharmacy. 
Basal Insulin Use and RAI Out-of-Pocket Costs over the 12-Month Follow-Up Period.
Over the 12-month follow-up period, 52.8% of the patients who added RAI to their OAD regimen also added basal insulin. Approximately 25% of patients had RAI OOP cost in each of the four cost quartiles ($0 to <$6.30; $6.30 to <$36; $36 to <$56; and ≥$56).
Continuation of RAI Therapy at the 12-Month Follow-Up.
The mean (standard deviation [SD]) number of RAI prescriptions was 3.5 (3.1) at the 12-month follow-up. Of the 3734 patients in the study population, 37.5% ( = 1400) had only 1 RAI prescription (i.e., discontinued RAI therapy), and 62.5% ( = 2334) had >1 RAI prescription (i.e., continued RAI therapy). Subgroup differences were observed between those who had only 1 RAI prescription and those who had ≥1 RAI prescription (continuation) ( Table 2) . Multivariable logistic regression analysis showed that continuation of RAI at 12 months (i.e., ≥2 RAI prescriptions at 12 months) was significantly less likely in patients who were taking 1 OAD at baseline compared with those taking ≥3 OADs; were older (aged 70-79 years versus 65-69 years); lived in US region South versus the Northeast/West/other regions; had no diabetes-related complications; had any inpatient visit; and had higher out-of-pocket RAI costs (Table 3) .
Continuation with RAI at 12 months was significantly more likely in patients with baseline A1C values 8.0-9.0% and >9.0% compared with HbA1c <8.0%, cognitive impairment, and depression and in those who added basal insulin during the 12-month follow-up period (Table 3) .
RAI Persistence.
There were significant subgroup differences in the percentage of patients who persisted and did not persist with RAI therapy at 12 months as demonstrated using bivariate analysis (Table 4) .
Based on multivariable logistic regression analysis, the baseline factors found to be significantly associated with RAI persistence (Measure 1) at 12 months were cognitive impairment and addition of basal insulin during follow-up. Those patients taking 1 or 2 OADs versus ≥3 OADs at baseline and those having higher OOP costs for RAI prescriptions were significantly less likely to persist (Table 5) . Similar findings were observed with RAI persistence Measure 2 (filling ≥1 
RAI prescription every 3 months). Additionally, persistence Measure 2 demonstrated that individuals living in US region
South compared with Northeast/West/other regions, and patients with polypharmacy were less likely to persist with RAI (Table 5) .
Sensitivity Analysis.
We conducted a sensitivity analysis using an alternative measure of out-of-pocket costs over the 12-month follow-up period. For each person, it was calculated as total out-of-pocket cost for RAI prescriptions divided by the total number of days supplied for RAI prescriptions. This was multiplied by 30 in order to interpret the out-of-pocket cost per 30-day supply. The RAI out-of-pocket cost quartile was as follows: quartiles: $0 to <$6.4; $6.4 to <$35.5; $35.5 to <$47.6; and ≥$47.6. Note: based on 2,334 elderly Medicare beneficiaries aged 65 years and above with type 2 diabetes mellitus, who were continuously enrolled in the Humana Medicare prescription drug plans for 18 months between 2007 and 2011 and added rapid acting insulin to their oral antidiabetic drugs regimen. These individuals had at least 2 claims for rapid acting insulin during the follow-up period. Significant group differences in persistence were tested with chi-square tests. A1C: glycated hemoglobin; aDCSI: adapted-Diabetes Complications Severity Index; ER: emergency room; HMO: health maintenance organization; OAD: oral antidiabetic drug; PFFS: private fee-for-service; PPO: preferred provider organization; RAI: rapid acting insulin.
Results from both bivariate (Tables 2 and 3 ) and multivariate analyses using the alternate definition of RAI outof-pocket suggest that the direction and magnitude of the associations between RAI out-of-pocket costs and RAI continuation and RAI persistence did not change. For example, compared to patients with RAI out-of-pocket cost per 30-day supply ranging between $0 and <$6.4, those with RAI out-of-pocket cost ranging between $6.4 and <$35.5 (AOR = 0.43, 95% CI = 0.31, 0.59) were significantly less likely to be persistent (not shown in Tabular form).
Discussion
This is the first real-world study using data from an administrative claims database to examine the practice-based addition of RAI to an OAD regimen in elderly patients with type 2 diabetes. Although intensification of OAD therapy with RAI is not a standard of care for postprandial glycemic management in type 2 diabetes, clinical studies have shown the benefits of such practice [6, 7] . Here, we report for the first time practice-based evidence showing that a sizeable proportion of elderly type 2 diabetes patients added RAI therapy to their OAD regimen.
Management of type 2 diabetes patients by treatment intensification of OADs with RAI may be considered in two groups of patients, those in care homes that use RAI as a supplemental dose temporarily and those that use RAI on a regular basis. Clinicians may be uncertain regarding the optimal strategy for insulin intensification [20] or favor resorting to less widely used treatment approaches to meet the needs of individual patients [5] , as personalized diabetes management is becoming important. In addition, for patients with HbA1c <8.4%, the postprandial contribution to hyperglycemia is more important than the basal contribution, and therefore, targeting postprandial hyperglycemia with RAI is a relevant option [21] . However, this can result in increased weight gain and hypoglycemia, which is associated with all insulin therapy use but is more pronounced when treatment is intensified with RAI. A limited number of studies have demonstrated the benefits of adding RAI to an OAD regimen for achieving targeted glycemic control in type 2 diabetes patients [6] [7] [8] . The present study did not explore the effect of this approach on HbA1c levels because baseline and follow-up HbA1c data were not available for all patients.
Having initiated RAI therapy, RAI use was found to be temporary for many of the patients in our study. We report a persistence rate of 18.4% with persistence Measure 1 in this study. This low persistence rate is similar to that reported in a study that used the same measure to evaluate RAI persistence in an adult type 2 diabetes population when adding RAI to a basal insulin regimen (19.1%) [9] .
There was a significant difference between the two measures of persistence, Measure 1 and Measure 2 (18.4% versus 33.7%, resp.). The difference between the two measures was not surprising as persistence Measure 1-with a 90-day gap-was more conservative than Measure 2, which had ≥1 prescription per quarter. As physicians often titrate RAI dose, a 90-day gap might not necessarily mean discontinuation of therapy. So a more lenient measure of persistence (Measure 2) is often used.
We identified that baseline use of 1 or 2 OADs versus ≥3 OADs was significantly associated with RAI nonpersistence. Use of fewer OADs at baseline could indicate that the diabetes stage was not very severe in patients, whereas use of ≥3 OADs at baseline may indicate more severe or uncontrolled diabetes that would require treatment intensification with RAI. Patients with high out-of-pocket costs were also significantly less likely to have RAI persistence over a 12-month period. This is in line with other studies that have also reported high out-of-pocket costs for insulin prescriptions in general [22] [23] [24] and for RAI specifically, to be a barrier to RAI persistence [9] . It has also been suggested that insurance policies that eliminate copays or that lower copays may encourage RAI persistence [22] . Higher RAI out-of-pocket costs with lower RAI continuation and persistence were robust regardless of measures of out-of-pocket costs. These findings have implications for designing value-based insurance to eliminate copays or lower copays in order to encourage RAI persistence.
Interestingly, cognitive impairment is another factor we found to be associated with RAI persistence despite the expectation that this might adversely affect persistence to a drug regimen. It is possible that a patient's cognitive impairment may have been recognized by a family member and/or a healthcare provider, who could have taken steps to ensure that the insulin was administered under supervision, leading to greater persistence among the patients with cognitive impairment. It is plausible that these patients were institutionalized and therefore had caregivers. Further research may elucidate the reasons for greater persistence among the patients with cognitive impairment in our study population.
The augmentation of the RAI plus OAD regimen with basal insulin during the 12-month follow-up was another factor associated with RAI persistence. Basal insulin was initiated by 52.8% of patients in this study. It is plausible that these patients have needed further intensification of their insulin regimen.
Taken together, these findings suggest that therapies other than RAI plus OADs may be needed for personalized treatment and optimal diabetes care. Further research is required to understand the rationale for adding RAI to OAD regimens in elderly patients with type 2 diabetes, identify the unmet needs of these patients, and assess the comparative effectiveness of different treatment regimens used for personalizing therapy. Future research should also focus on the impact of RAI persistence on clinical outcomes (change in A1C outcomes) and economic outcomes such as diabetes realated healthcare cost and resource utilization.
Limitations. Several limitations of this study should be acknowledged. Coding errors (e.g., under-or overcoding) are a risk when using ICD-9-CM diagnosis codes in medical claims to identify type 2 diabetes, hypoglycemia, and diabetes complications. In addition, because of the methodology used in this study, minor hypoglycemia events may not have been detected. The nature of claims data means that prescriptions rather than actual use of medications were recorded, and RAI prescriptions may not have been added to claims databases. Moreover, the 90-day prescription gap measure of persistence may have underestimated the level of RAI persistence. Some data were unavailable from the database; thus, time from type 2 diabetes diagnosis to RAI initiation could not be controlled as type 2 diabetes diagnosis dates were unavailable, baseline HbA1c data were not available for the majority of patients, and clinical reasons for RAI initiation could not be examined in this study. Finally, the study included elderly Medicare beneficiaries enrolled in Humana MAPD plans, so the results may not be generalizable to all elderly Medicare beneficiaries with type 2 diabetes.
Conclusions
A sizeable proportion of elderly patients with type 2 diabetes have RAI added to their OAD regimen. However, use of RAI was temporary, and type 2 diabetes patients' persistence with RAI was very poor. Nonpersistence was associated with use of fewer OADs and higher out-of-pocket costs at baseline, suggesting that patients with less severe diabetes symptoms and those who had to pay extra for their prescription did not persist and that targeting these patient populations through patient education and insurance policies that eliminate copays or lower copays may encourage RAI persistence. Many patients augmented their RAI plus OAD regimen with basal insulin, and this, together with cognitive impairment, was associated with persistence of RAI. Further research to understand the rationale for addition of RAI to OAD among elderly patients with type 2 diabetes is warranted.
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